Abstract: Faisalabad is a big industrial city with huge air quality problems, being one of the most polluted cities in the world. Although public policies have developed to minimize atmospheric aerosol pollution, there is a lack of adequate knowledge and poor characterization of these aerosols. In this study we sampled 100 aerosol samples from different pools covering almost all the aspects of Faisalabad environment. The results obtained from an investigation of solid aerosols in the Industrial city of Faisalabad (Pakistan) are reported and analysed in this paper. X-ray diffraction studies of the various solid aerosols pools (residential, industrial, transportational, commercial and mix pools) showed that nonclay organic compounds such as GB-Naphthylbismuth dioxide, Sodium hippurate, Sodium-GA-naphthylamine-4-sulfonate tetrahydrate, Potassium phenoxide, Bismuth salicylate, Cadmium salicylate hydrate, Barium phenolsulfonate are contained in most of the samples in almost comparable amounts.The results of Solid aerosols collected from various pools show that the sources of GB-Naphthylbismuth dioxide, Sodium hippurate, Sodium-GA-naphthylamine-4-sulfonate tetrahydrate, Potassium phenoxide, Bismuth salicylate, Cadmium salicylate hydrate, Barium phenolsulfonate in the Solid aerosols are both local and remote. No doubt the main objective of this study was not to investigate the human health hazards however; an attempt has been made to correlate health hazards on behalf of their size distribution.
INTRODUCTION
At present our understanding of OA composition, physical and chemical properties, sources, and transformation characteristics are very limited, and estimates of their actual environmental effects are highly uncertain. In particular, potentially important feedback loops such as biosphere-aerosol-cloudclimate interactions are not yet well understood. For example, changes in organic emissions will affect cloud condensation nuclei (CCN) concentrations and could thus significantly affect cloud properties and precipitation regimes, altering the biologic productivity, which in turn leads to further changes in emissions. However, the importance of such feedbacks is still speculative, especially on a global scale. Reduction of these uncertainties will require a comprehensive characterization and investigation of OA by laboratory and environmental chamber experiments, field measurements, remote sensing, and modeling studies. Moreover, to be effective these studies require efficient planning, coordination, and exchange of research activities and results within the international scientific community.
Many epidemiological studies have indicated that solid aerosol pollution contributes to morbidity and *Address correspondence to this author at the Department of Physics, G.C. University, Faisalabad, Punjab, Pakistan; Mobile: +92-0302-6062879; E-mail: profkhan786@yahoo.com mortality. The association between atmospheric pollution and its health hazards holds mainly for solid aerosol fraction, which is expressed as PM 10 and PM 2.5 . Both short term peaks in aerosol pollution and long term chronic exposure have been consistently associated with increased risks of respiratory and more importantly cardiovascular disease and death [2] [3] [4] [5] [6] [7] [8] .
Recently a global air monitoring programmer for the study of solid aerosols (suspended particulate matter) was conducted by the World Health Organization as a part of the Global Environment Monitoring System (GEMS). Some 50 countries participated in the GEMS air monitoring project and data were obtained approximately at 175 sites in 75 cities around the world. The results of this study reported by [9, 10] showed that Teheran, Bombay and Calcutta are the most polluted cities in Asia. This study also indicated, though not supported by sufficient data, that Faisalabad in Pakistan is also emerging as a highly polluted city. Faisalabad is the third largest industrial city in Pakistan, with an estimated population of almost 4 million citizens. It is an important center for industrial production and is located in the Punjab province. 
Organic Aerosols, Limited Study
Comprehensive analysis of solid aerosols can be assessed only on the basis of adequate data collected at properly selected sampling stations, using well defined sampling procedures along with analytical techniques It is preferable to conduct both physiochemical and biological monitoring and correlate their results to evaluate an integrated approach for air pollution control. Keeping in view these facts it was imperative to study the physiochemical composition of solid aerosols collected from Faisalabad environment so as to ascertain their contributions to over all pollution in Faisalabad. This situation motivated us to start a study on the air pollution in the area. As a first step, a Solid aerosol was collected from various pools in the city and was subjected to phase/compound analysis by x-ray diffraction.It is hoped that this study will be very useful towards the future environmental study programs related to Industrial areas cum commercial areas like Faisalabad [11] [12] [13] [14] .
MATERIALS AND METHODS

Pool Classification
Roughly, there are more than 512 large industrial units out of which 328 are textile units, 92 engineering units and 92 of chemicals and food processing units other industries include hosiery, carpet and rugs, nawar, and lace, printing and publishing and pharmaceutical products etc. there are also some 12000 house-hold industries, which include some 60,000 power loom factories.
The city was divided into five Pools, Pool-(Residential), Pool-(Industrial), Pool-(Commercial).Pool-IV (Transportation) and Pool-V (Complex and Mix). Most of the pools under consideration belong to city center while remaining Pools were situated at (10-15) Km away from city center. Total (18) Solid Aerosols (suspended particulate matter) samples were collected from different pools of Faisalabad city using Syntax Map Method.
Sample Collection
Kimoto High Volume air sampler was used for the collection of suspended particulate matter in the atmosphere of randomly selected areas of Faisalabad city. The high volume air sampler used to pump large volumes of air up to 2000 m3 at a rate of 0.8 m3/ min. The filter used in a high volume air sampler was glass fiber filter which have a collection efficiency of 99% for particles. Samples were collected for a period of 12 hours (720 minutes) at an average flow rate of (0.8 m 3 /min). Particulate matter was trapped on each filter. Triplicate samples were collected from each place-The suspended particulate matter (Solid Aerosols) collected from randomly selected sites was strained in order to remove fibrous material. Samples were kept in bottles as such and were passed through two sieves for getting two parts of each sample having particle size less than 53 μm and less than 75 μm. All the samples were pressed gently in to aluminum/glass holders before loading each of them on XRPD goniometer. Statistical analysis was carried out using t-Test and results were presented at the relevant places. Air condition filters, bucket, dish and sticky tape methods were also used as an additional help for sample collection.
Phase/Compound Analysis
Phase/compound analysis of the Solid aerosols were carried out by employing an automated powder Xray diffractometer (Rigaku model D/MAX-II A) which is equipped with a scintillation counter and a pulse-height analyser. The electronic circuit panel of the diffractometer is capable of computing Bragg angles (2 ), d-spacing and peak height and peak width at halfmaximum intensity.
In the powder X-ray diffraction method, a very fine powder having particle/crystallite size of less than 10 μm is placed in a monochromatic X-ray beam. Each crystallite of the powder is a tiny single crystal, oriented randomly with respect to the incident X-ray beam. Just by chance, some of the crystallites will be correctly oriented so that their similar lattice planes can reflect the incident beam. Other crystallites will be correctly oriented for reflections from another set of lattice planes and so on. The result is that every set of lattice planes will be capable of reflection. The powder X-ray diffractometer gives reflections from all the possible sets of lattice planes of a crystallographic material. The set of reflections so obtained, called a diffraction pattern a plot between the Bragg angles and the integrated intensities of the corresponding reflections is a characteristic of the material. The phases/compounds present in a sample could therefore be identified from their characteristic X-ray diffraction patterns.
The X-ray diffraction results reported in this study were obtained by running the diffractometer in the stepscan mode with the diffractometer conditions Tables 1-18 . The diffraction data (Bragg angles, d-spacing, and integrated intensities) were obtained with the step size of 0.02° (2 ) . The quality of the pattern was found to decrease with the step size of larger or less than 0.02". The peak positions (2 angles) and d-spacing obtained with the step size of 0.02 o were found to have the best accuracy.
The peak intensity, peak width at half maxima, dvalues and Bragg angles were also noted using XRD x~y plotter during the step-scan mode. The relative intensities values were calculated for the above materials and presented Table 19 . Characterization of solid aerosols (morphology, type and chemistry) was performed using SEM (Model: JEOL-1010, 80kV 1500 2500) available at NIBGE, Faisalabad.
RESULTS & DISCUSSION
Phase Analysis of Solid Aerosols by XRPD
In this study, maximum 18 (15+2+1) samples were collected from different pools of Faisalabad Figure 1 . These samples were collected by air volume sampler for the study of phase analysis of solid aerosols using XRPD technique.
All the given SPM samples were strained to remove fibrous material and were loaded them one by one on the Diffractometer Goniometer. For each and every sample, the running process of Diffractometer conditions was kept exactly the same. The Diffactometer was run all the times in the continuous mode. XRD patterns were obtained on scaled charts with abscissa for 2 (degrees) and ordinate for counts per second. The given XRD data indicates peaks containing; Bragg's angle (2 ), FWHM (Full wave half maximum), d-value, maximum Intensity and relative intensity (I/I°). Qualitative phase analysis of all samples was carried out by Hanawalt Method.
Qualitative and Quantitative analysis were performed by Hanawalt Method and by Matrix-flushing methods. Qualitative phase analysis of the samples showed presence of organic compounds like GBNaphthylbismuth dioxide (1), Sodium hippurate (2), Sodium-GA-naphthylamine-4-sulfonate tetrahydrate (3), Potassium phenoxide (4), Bismuth salicylate (5), Cadmium salicylate hydrate (6), Barium phenolsulfonate (7) the relevant codes specified in brackets shown in (Table 2 ). In order to know which region had lighter identified compounds in solid aerosols loadings than the others. The average pool wise phase percentages of compound in aerosols was found to be GB-Naphthylbismuth dioxide (1) (7) in amounts ranging between (6.54 1.82)% in solid aerosols of Pool (3 5) . Following the pool wise Identification of compounds in solid aerosols trend given in Tables 1-20 .
These phases are of metallic, semi metallic and of non metallic nature. Therefore their study becomes very critical because they when combined with Oxygen, Sulphate (SO 4 2 ) and carbonate (CO 3 2 ) radicals result's formation of complex compounds indicating that the interaction of Industrial and transportational dust, fumes with solids aero sols and pollute the environment, this aspect is evident from Gray / Black and Yellow color of most of the selected samples along with non identified phases [21, 22] . Therefore they are polluting environment adversely by changing the Physico-chemical process occurring in the Environment and disturbing radiation budget creating global cooling and global warming along with health hazard see Figures 3, 4 .
The major sources of solid aerosols include Coal burning, Auto mobile exhaust, high temperature Industrial processes, fugitive dust, de-odourization of waste gases, detoxification of dust from steel plants, unpaved roads, municipal waste combustion etc along with some natural processes as forest fires, decaying The mixing of residential cum industrial pools and commercial cum complex and mix pools resulted into omission of compound Phases 3,4 and 5,while mixing of transportational pools resulted re-appearance of the compounds phases which means that transportation is main contributor of these phases. When compared with the total pooled environment, creation of two new compounds likes Sodium-$GA-naphthylamine-4- the stability of the environment statistical analysis was also carried out a large variation in SD's and CV's showed the instability of the Environment [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] .
SEM analysis of most of the solid aerosols showed that the identified organic compounds occurred as patches rather than single grains, so the heterogeneity and complexity of the Faisalabad environment is confirmed being the dominating factor in our experimental findings which may be the main cause of formation of organic compounds in the environment because the environment of the Faisalabad is more favorable for photolysis process, being more humid than that of other environments and hydroscopic and hygroscopic nature of solid aerosols also favours our experimental findings through condensation after oxidation of precursor compounds already present in the environment. The symmetry between digital photographs and SEM micrographs confirmed not only this state of affairs but also transport and industrial involvement towards atmospheric pollution Figures 3,  4 . Similar impact will be observed on human beings when these aerosols were inhaled or digested by them through food chain and food web of the concerning environment. No doubt the gas particle conversion process is still debatable but the present study will definitely provide not only data but also guidelines in the positive direction.
CONCLUDING REMARKS
It is concluded that the solid aerosols samples collected from various pools in Faisalabad contained steadily the organic compounds namely GBNaphthylbismuth dioxide, Sodium hippurate, Sodium-GA-naphthylamine-4-sulfonate tetrahydrate, Potassium phenoxide, Bismuth salicylate, Cadmium salicylate hydrate, Barium phenolsulfonate as pollution components mixing techniques showed addition and subtraction of compound phases and hence modification of the environment and consequently are generating relevant health hazards. The sources of these organic compounds are both local and remote [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] .
FUTURE PERSPECTIVES
Problem of solid aerosol pollution is a complex problem of air pollution due to complexity and heterogeneity of solid aerosol compositions. They contain different types of salts (mostly ammonium and calcium sulphates ammonium nitrate sodium chlorides) organic and elemental carbon (mostly derived from road traffic) biological components (pollen and micro organisms), iron and other metal compounds derived from industrial processes and minerals and rock fragments derived from the surrounding Geological formations. On behalf of this they can be classified as organic and/or inorganic, primary and/or secondary, natural (Biological/geological) and/or anthropogenic. This diversity makes their classification very difficult and theoretical modeling defective, relevant to meteorological conditions of the environment. Because of this complexity characterization of these solid aerosol, provides insufficient information about its origins and potential hazards. No doubt the tools used in this study, even if imperfect, still yield valuable information about the Physics and Chemistry of solid aerosols related to Faisalabad environment. However accurate data on Physico-chemical compositions, meteorological and Geographical set up and their corelation is needed to obtain insight vision into the cause of medical diseases, global warming trends and nucleation processes in the atmosphere. A package of high resolution technique (XRD, AAS, SEM, TEM, and AFM) is necessary to understand the Physics, Mineralogy, Geology, Climatology and Chemistry of these solid aerosols [54] [55] [56] [57] .
